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ABOUT two years ago, I was asked by Dr. Charles Hadfield, secretary to the combined Anasthetics Committee of this Section and of the Medical Researclh Council, to investigate the possibilities of trichlorethylene as a general anaesthetic.
In June 1941 I made an interim report in the form of a short article in the British Medical Journal. The results obtained were so encouraging in certain directions that since that date I have continued to use the drug, and I now hope to put before you the conclusions I have reached.
Physical properties. Trichlorethylene was first described in 1864; its chemical formula is CCl1:CHCl. It is a heavy colourless liquid with a specific gravity of 1 47 at 15°C. and a boiling point of 87°C. The odour resembles that of chloroform without its plungency. In view of the similarity of the two fluids in respect of both weight and smell, I have suggested to the manufacturers that trichlorethylene prepared for anesthesia should be coloured either blue or green. This would readily distinguish it from chloroformn which is either colourless or tinted red by one maker.
Trichlorethylene is not inflammable in any circumstances nor will its vapour explode Nvhen mixed in any proportion with air, oxygen or nitrous oxide.
The pure drug tends to decompose in strong sunlight with acid formation, anid should therefore be stored in stoppered amber bottles. The addition of 0010/ tlhvmol retards decomposition, and this has been done in the case of the product known as " trilene As an extra precaution, the manufacturers suggest that it should not be used for inhalation purposes after twelve months from the date of bottling.
The cost of purified trichlorethylene is very reasonable as if supplied in lots of 8 lb.
to hospitals the price is 3s. 6d. per lb. It has been estimated that the average cost per administration works out at about 4V2d.
Conmmiiercial iises.--Trichlorethvlene is chiefly tused for the drv-cleaning of clothes, the de-greasing of metals and the de-waxing of lubricating oils. For these purposes, the fluid is soldL under a variety of trade names such as chlorylene, gemalgene, trethylene and triklone. These preparations may contain a variety of impurities and slhould not be used as anzesthetics.
It is of some interest to know that a(ldictionz to trichlorethylene is not verv tincommonamongst industrial workers. The vapour used for de-greasing metals rises in a vat and is condensed by cold pipes. Some workmen find considerable pleasure in leaning over the sides of the vats and inhaling the vapour until they feel intoxicated. I?dlustrial poisonintg.-On the Continent several writers have recorded cases of industrial poisoning in factory workers when crude trichlorethylene was used. Symptoms such as giddiness, vomiting, optic neuritis and various palsies have been described (Plessner, 1916; Gerbis, 1928) . Some cases have proved fatal (Stiiber, 1931) . It should be noted that all these patients had been exposed to the vapour of commercial trichlorethylene which, as already mentioned, may contain a great variety of impurities. Workers constantly exposed to trichlorethylene vapour in aeroplane works are said to be liable to dermatitis (Schwartze and Russell, 1941) .
Externial application.-A few years ago, the use of trichlorethylene was recommended as a skin purifier and to clean up burns and dirty wounds (Trumper and others, 1936) . For these purposes Imperial Chemical Industries Ltd. produced a specially purified and stabilized liquid under the name " trilene ". With the exception of some pure trichlorethylene made and generously supplied by Mr. C. Chalmers who originally suggested the investigation, all cases have had trilene for inhalation.
Therapeutic inihalation.-The drrug has been used for some time to relieve the pain of trigeminal neuralgia. For this purpose, the vapour is inhaled from broken capsules as in the case of amyl nitrite. The origin of this procedure is worth noting. Two segarate observers reported that patients suffering from chronic trichlorethylene poisoning showed complete bilateral paralysis of all divisions of the trigeminal nerve (Plessner, 1916; Gerbis, 1928) . It was supposed that the drug had a specific action on this nerve and its administration for the relief of trigeminal neuralgia was suggested (Oljenick, 1928) and shown to be effective (Glaser, 1931 ). It appears to me quite certain that the relief from pain is not due to any effect on the trigeminal nerve but to the state of general analgesia which is induced and to which I will refer later. This seems to be an example of faulty reasoning leading to the desired result.
Experimental work on animals.-During the past twenty-one years several workers have fully investigated the effects of trichlorethylene on animals.
In 1921 Joachimoglu found that the pure vapour was not irritating to the respiratory tract and that inhalation was not followed by hemolysis or by fatty degeneration of the liver.
In 1934 Herzberg reported that specimens of spleen, liver, kidney, pancreas, adrenal, diaphragm, heart, lung and pectoral muscle taken,from three dogs killed by overdosage of trichlorethylene after having been deeply anaesthetized for periods of two and a half to three and a half hours showed no gross or microscopic pathological changes.
In 1935 Krantz and others anmesthetized the same rats repeatedly (up to 30 times) with trichlorethylene. The animals were then killed and the various organs examined. Although some pathological changes were found, they were in the main slight and inconclusive. In rabbits slight hyperglycaemia was noted. The same workers found that anaesthesia could not be obtained by the rectal administration of the drug and that nerve conduction was not affected by the local application of trichlorethylene. In 1939 Lande and others anaesthetized guinea-pigs, rats and mice with trichlorethylene daily for two and a half months, the duration of narcosis being from fifteen minutes to one and. a quarter hours per day. After death it was hardly surprising that some inflammatory changes in the liver and kidneys were noted. From these extremely severe tests it may reasonably be concluded that in the usual experimental animals, trichlorethylene is only slightly toxic-certainly much less so than chloroform.
Previous work in human anxsthesia.-The only published work which can be traced is that on a series of 300 patients anaesthetiztd with trichlorethylene by. Striker and others in America in 1935. These were all short administrations for minor operations, and in some instances analgesia only was produced. Eight of these patients became violent in the second stage, and the third stage of anaesthesia could not be reached. One patient stopped breathing from an overdose but recovered after artificial respiration. After-effects were slight, and on the whole the drug was regarded as a satisfactory anaesthetic.
In the following year (1936) the Council of Pharmacy and Chemistry of the American Mledical Association considered the evidence for the usefulness of trichlorethylene and concluded that " the case had not been completely made out ".
-0 ,a Details of present investigation. The observations which follow are based lupon about '00 administrations. l\lost of the commoner major and minor operations vere performed under trichlorethylene anmesthesia or analgesia, their duration varying from five minutes to five hours and forty miniutes: the latter operation being the removal of a cerebral tumour from a woman with bronchiectasis. The administration in this case was by my colleague Dr. B. Rait-Smith and I am glad to sav that the patient survived. The patients' ages were between 14 months and 81 years anid included Service casualties, air-raid casualties and ordinary hospital civilian patients.
Methods of Adininistrationl
It at once became evident that an open mask administration was impracticable owing to the low volatility of trichlorethv1ene. In America a special apparatus has been devised to vaporize the drug incorporating an air compressor driven by an electro-motor (Jackson, 1934) . As we had neither the wish nor the facilities to develop complicated machinery, we began by putting trichlorethylene in the chloroform bottle of a continuLouLs-flow apparatus and using it as an adjulvant to nitrous oxide an-d oxygen. When used wvith partial rebreathing this method was qtuite satisfactorv. In most cases a face-piece was employed, but, when indicated, a nasal or oral endotracheal tube was passed. MLuscular relaxation was usually ample for intuibation to be performed without difficulty.
If the CO. absorption technique is used, it is essential to have the vaporizer in the patient's respiratory cirCLiit. Insufficient concentrationof trichlorethylene is obtained if the basal oxygen feed alone is used to vaporize the drug as in the single-phase Waters' system or in the standard two-phase apparatus as supplied to the E.M.S. After a fairly full investigation of trichlorethvlene as an adjuvant to nitrotis oxide aiid oxygen, it wvas decided to find out whether the drug had any possibilities when given alone. After various trials and errors, a simple draN-over apparatus was adapted from a Walton ether bottle. In order to produce analgesia only, a small bottle without a rebreathing bag is sufficicnt, but to ensure that the third stage of anoesthesia is reached, ca large bottle containing a wick is necessary and some rebreathing is desirable. By plugging in a similar ether bottle in series a compact apparatus results which is adaptable to practically any tvpe of inhalation analgesia or anoesthesia including endotracheal work. In the latter case it is, of course, essential to have an air-tight fit, cither by plIigging or by the use of a ballooned tube. Dr. H. R. Nlarrett, Senior Resident Anbensthetist at Hill End Emergencv Hospital is-largelv responsible for the design of this apparatus which (with one bottle) can be produced to sell retail at about £5 IOs. When used continuously for general anaesthesia, about 13 c.c. of trichlorethylene per hoitr are consumed.
Stages anid Signs of Anialgesia and A nxsthesia
In most respects trichlorethylene resembles chloroform rather than ether.
During the first stage, some degree of genzeral anialgesia always seems to be present. This comes on after a few breaths and varies in degree from some numbness to pain in resistant patients to that of absolute analgesia during which canl be carried ouit stuch proceduLres as wedging plasters, insertion of bone pins, cystoscopies, painfuil dressings, &c. The sensation of general analgesia is one of curio;is detachment. One patient rather aptly described it by saying that he appeared to be wvatching himself being operated upon as if he wvas a disinterested third party. Two patients stuffering from trigeminal neuiralgia were given trichlorethylene and the pain was practicallv abolishedi in both cases, but at the samc time sensitivity to pain was greatly diminished in all areas. I am convinced that the relief in this condition is due to general analgesia and not to any specific effect upon the trigeminal nerve, in spite of the statement made in the book just published by no less a pharmacological authoritv than Adriani. Trichlorethvlene exerts the most potent and rapid analgesia of all the volatile drugs with which I am familiar, including nitrouLs oxide, and it appears to me that it might be of very great use, especially under war conditions where the absence of heavy and complicated apparatus, and hot water jackets, gas cvlinders and inflammable vapours are all desirable.
The second stage of anxsthesia is not usually marked but occasionally violent excitement occurs.
The third stage is characterized bv quiet automatic respiration and a pupil which is usually small. The eye reflexes are similar to those obtaining with chloroform.
Proceedings of the Royal Soctety of Medicine 18 Effects on Respiratory System
The odour of trichlorethylene is not pungent nor does its vapour appear to have any irritant effect upon the respiratory passages. It follows that the vapour concentration can be increased rapidly leading to a short induction of anasthesia. No excessive salivation or secretion of mucus was noticed even if premedication had been inadequate or badly timed. Several major thoracotomies wNere done under trichlorethylene anesthesia as were many other operations upon patients suLffering from bronchitis, bronchiectasis and active phthisis. In no case could any exacerbation of the pulmonary disease be attributed to the anesthetic. The depth of respiration was not appreciably altered but in about 300' of patients receiving the drug as an adjulvant to nitrous oxide and oxygen, some increase in the rate occurred. This usuallv subsided after fifteen to twenty minutes but in a few cases it persisted. When present, this rapid breathing is a definite disadvantage in thoracic surgery. The tendency was not so marked when trichlorethyleneair was used. On one occasion an overdose was inadvertently given. Respiratory arrest occurred, but no difficulty was encountered in restoring nattural breathing. The pulse remained steady throughout.
Effects oil Cardiovascular Systemii
The blood-pressures usually remained within normal limits except for some rise when the second stage of anasthesia was marked by much excitement. Dilatation of the vessels in the skin and subcutaneous tissues such as occurs with ether and cyclopropane was not seen, and surgeons frequently commented upon the absence of capillary oozing. This was particularly noticeable in nasal and in ophthalmic surgery. The pulse-rate was generally raised slightly as in the case of most inhalation anesthetics.
Particular attention was paid to the cardiac rhythm as trichlorethylene contains three chlorine atoms in its molecule, and at least two other compounds with this characteristic (chloroform and trichlorethanol) cans cause grave cardiac irregularities and even primary cardiac failure (Wood, 1938; Hewer and Belfrage, 1938) . Clinically few cardiac irregularities could be detected apart from sinus arrhythmia in young patients which disappeared when full anesthesia was reached. An irregular pulse wvas definitely less common than with cyclopropane, and several patients with extrasvstoles before operation showed a tegular rhythm after an esthesia had been induced with trichlorethylene. This is, of course, common with inhalation anazsthesia generallv. Two cases of partial thyroidectomy had auricular fibrillation which remained unchanged throughout the anwsthesia.
The possibility of primary cardiac failutre still cannot be entirelv excluded, but so far I have not heard of such an event although a large number of administrations have now been made. Since the publication of my original paper, 48 hospitals have been using trichlorethylene and it has been, estimated that at least 10,000 patients have been anesthetized with it.
Dr. K. D. Keele kindly arranged for electrocardiograms to be taken during the induction of anaesthesia in 33 cases. A Cossor-Robertson cardiograph and later a Cambridge instrument were installed in one of the anesthetic rooms, and direct visual observations as well as photographic records were made before and during induction. In most of the cases so observed there was no alteration in the tracing apart from a slight decrease in the sinus tachycardia as the third stage of anaesthesia was reached. In one instance regular auricular extrasystoles alternating with normal svstoles occurred over a period of some three minutes and then ceased. In two other cases occasional ventricular systoles were seen during the second stage, but disappeared as the third stage was reached. In no case were multiple ventricular extrasystoles seen. These were particularly looked for in view of their comparatively frequent occurrence during chloroform anaesthesia. This limited number of observations suggests that there is no evidence of any particular cardiac danger wvith trichlorethylene.
Muscular relaxation-.-The degree of muscular relaxation obtainable with trichlorethylene is variable. As a general rule, operations upon the head, neck, thorax and limbs present no difficulty, but adequate relaxation for major abdominal surgery is not always readily available. It is possible that a really deep plane of narcosis may produce the desired result, but I have always played for safety and changed over to ether in preference to pushing trichlorethylene. One opportunity occurred for observing the effect of the (rtlig uipon the uterine musculature. An abdominal hysterotomv was performed to terminate pregnancy on account of active phthisis. The surgeon remarked upon the exceptionally good retraction of the uterus following extraction of the faetus. After an average of twenty minutes' administration, it was found that the vauour concentration of trichlorethylene could be greatly reduced without prejudice to muscular relaxation.
Effects on sugar metabolism.--L)r. A. Jordan kindly made blood-sugar estimations before, during and after anesthesia with trichlorethylene. In no case was there much disturbance, and taking an average, it could be said that there was no significant change. Thisy contrasts with the rise constantly seen with chloroform and ether (Hewer, 1939) .
One diabetic patient was included in the series. An abdominal operation lasting one hour fifteen minutes was performed under nitrous oxide -oxygen -trichlorethylene antesthesia. The sugar tolerance was tested one week after operation and was found to be unchanged.
Effects on blood urea.-Blood-urea estimations were made by Dr. Jordan before, during and after anaesthesia. The changes were so slight as to be within the range of experimental error. Here again the contrast with chloroform and ether is marked.
" Draw-over" inhaler for producing either analgesia or anaesthesia with trichlorethylene and/or ether.
It is suggested that this might-prove useful both in civil practice and under Service conditions.
(Block kindly lent by Messrs. A. Charles King, Ltd.)
After-effects If analgesia only has been produced, it is unusual for any after-effects to occur.
Occasionally slight dizziness or headache may be present for a short time.
Of the first 127 patients anzesthetized for a great varietv of operations, 61 % had no nausea or vomiting, 26% had nausea or slight vomiting and 13% moderate or severe vomiting: 5% complained of headache. Those who had had previous experiences with ether nearly always commented favourably upon the absence of an unpleasant taste and smell.
In most cases the urine was tested as a routine on the day after operation. In one instance only was the presence of albumin found and acetone was always absent. This is in marked contrast with other anaesthetics. For example.. albuminuria has been found almost constantly after the prolonged administration of ether and in about 20% of patients aniesthetized with chloroform (Stephen, 1929) . Again, acetonuria has been demonstrated in 67% of patients operated upon under all forms of general anesthesia and in 85% under local analgesia (Schulze, 1924) . No pulmonary complications were observed, and, as already mentioned, existing lesions did not appear to be affected.
Summary and Conclusions
So far as our present knowledge goes, trichlorethylene when inhaled resembles chloroform in its effects but is less potentas an anaesthetic, more potent as an-analgesicand less toxic.
The advantages of the drug are: (I) The absence of irritation to the respiratory passages; (2) the comparative absence of superficial oozing from cut tissues in patients under its influence; (3) the high degree of analgesia available; (4) the non-inflammability of its vapour; (5) its relative cheapness and availability and the fact that no complicated apparatus is necessary.
The disadvantages are: (1) Complete muscular relaxation is sometimes difficult to -achieve; (2) the respiratory rate is sometimes raised.
